Biochemical functional recovery of coastal/marine sediments by Masciandaro, Grazia et al.
Biochemical functional recovery of coastal/marine sediments 
 
G. Masciandaro1, S. Doni1, C. Macci1, E. Peruzzi1, B. Ceccanti1 
1Institute of Ecosystem Study -National Research Council (CNR). Via Moruzzi, 1. 56124 Pisa (Italy)  
e-mail: grazia.masciandaro@ise.cnr.it  
 
Keywords: Earthworms, humic-β-glucosidase activity, isoelectric focussing, phytoremediation 
 
Abstract 
A mesoscale level experiment was carried out in order to evaluate the efficiency of phytoremediation technique on 
dredged marine sediment decontamination. Two different bioremediation treatments were tested: i) plants (Tamarix. 
gallica and Paspalum vaginatum) and ii) plants (Tamarix. Gallica and Paspalum vaginatum) and earthworms 
(Eisenia fetida). The monitoring of the pilot system consisted of the sediment sampling after one and three years from 
the experiment set up. The parameters related to sediment decontamination (heavy metals and total petroleum 
hydrocarbons), chemical amelioration (total organic carbon, total nitrogen) and biological activation (total β-
glucosidase and dehydrogenase activities and total cultivable microbial population) were measured. In order to in-
depth investigation of humic matter and humic-bound enzymes extracted from sediment, the isoelectric focusing 
technique (IEF) was used. The total content of heavy metals and hydrocarbons in treated sediments decreased with 
time, suggesting a positive effect of the phytoremediation technique. The organic matter incorporation and 
stabilization and the increase of humic bound β-glucosidase activity in both treatments indicate the evolution of the 
sediment toward a fertile soil-like matrix. 
 
Introduction 
 Contamination of marine sediments is a serious 
problem that affects many coastal areas around the 
world. The estimated costs for the cleanup of 
contaminated sediments with conventional 
techniques, involving incineration or landfilling, are 
enormous. Phytoremediation, when properly 
managed, could represent a cost-effective and 
environmentally less invasive technology for 
sediment recovery. In the phytoremediation system, 
plant and microorganism interaction at root level 
enhances the hydrocarbon degradation and heavy 
metal availability for plant uptake and increase the 
formation of polymeric humic structures. The 
increase of humic fraction of organic matter may 
provide a nutrient resource, physical aggregates 
stability and protection of enzymes and 
microorganisms, thus representing a necessary 
condition for soil resistance and resilience (Ceccanti 
et al., 2008). In this work plant, microorganism 
and/or earthworm synergic action is proposed for 
heavy metal and hydrocarbon attenuation and for 
chemical and biological reclamation of a nutrient 
poor-sediment. Isoelectric focusing technique has 
been used with the purpose of the in-depth 
investigation of humic matter and humic-bound 
enzymes extracted from sediment. 
 
Materials and Methods  
Materials 
 Physical pre-conditioning of sediments, necessary 
in order to enhance water–air movement and nutrient 
circulation at root zone and to support better 
microbial life proliferation, was obtained by mixing 
the sediment with 5:1v/v of calcareous sands derived 
from excavation. Green compost was added to the top 
layer in order to obtain a suitable substrate of growth 
for the plant species. Two different treatments were 
tested: i) grass–bush plants (Tamarix gallica and 
Paspalum vaginatum) (P) and ii) plants (Tamarix. 
Gallica and Paspalum vaginatum) and earthworms 
(Eisenia fetida) (PL). The monitoring of the pilot 
system consisted of the sediment sampling after one 
(November 2007: P-Nov07 and PL-Nov07) and three 
years (November 2010: P-Nov10 and PL-Nov10) 
from the experiment set up, at a depth of 0-30 cm. 
The initial sediment without green compost, plants 
and earthworms and a natural soil were used as 
controls. 
Methods 
 Pyrophosphate-extractable carbon (PC) was 
extracted using Na2P4O7 (0.1M, pH 7.1) in a 1:10 w:v 
ratio. The PC-derived fraction >104Da was obtained 
through ultrafiltration on AMICON PM10 membrane 
of the PC extract. The C content of PC>104Da was 
determined after acid digestion with K2Cr2O7 by a 
spectrophotometric method at 590 nm. Total C and N 
contents were determined with a RC-412 multiphase 
carbon and a FP-528 nitrogen determinator 
respectively (LECO corporation). Total heavy metals 
were determined after acid digestion by atomic 
absorption spectrometry. The total hydrocarbons 
were determined by a gravimetric method according 
to Ceccanti et al. (2006). Isoelectric focussing (IEF) 
was carried out in cylindrical gel rods containing 
polyacrylamide gel (5% w/v) and carrier ampholines 
in the pH range 4-6. Dehydrogenase activity was 
determined using 2-p-iodo-3-nitrophenyl 5-phenil 
tetrazolium chloride as substrate; the product of the 
reaction was determined spectrophotometrically at 
490 nm. The method used to assay β-glucosidase 
activity is described by Ceccanti et al. (2008). This 
enzyme activity was analyzed on whole soil, 
pyrophosphate extract>10^4Da and on the humic 
bands obtained by IEF.  
 
Results  
 The heavy metals (Cr, Ni, Cu, Cd, Pb, Zn) and the 
total petroleum hydrocarbon (PH) content decreased 
during the time (Table 1) in all treated sediments.  
The total β-glucosidase activity (TG), which is a 
hydrolytic enzyme involved in generating soluble 
carbon sources for microbial metabolism, and the 
dehydrogenase activity, which is a constitutive 
enzyme of all micro-biota, increase appreciably 
during the four years of experimentation. In both 
treatments, the same trend was also showed for total 
cultivable microbial population (Table 1). The 
specific extracellular β-glucosidase activity, 
determined on humic extract (PC>104Da), at the end 
of the experimental period (November 2010), 
highest in the PL treatment also overcoming that the 
natural soil (Figure 1).  
 
Table 1. Chemical and biological characteristics of 
the sediment (Sed.), P07 (P-Nov07),
PL07 (PL-Nov07) and PL10 (PL-
during the experimentation. 
 Sed. P07 PL07 P10
OC 2.27 1.95 1.91 1.36
TN 0.11 0.13 0.11 0.10
PC 751 1113 938 1193
PH 3427 1966 1495 932
HM 27.2 17.5 15.8 14.7
TG 2.34 2.51 6.58 17.8
DH 0 1.87 1.62 4.17
TM 5.0+3 1.0+5 5.0+4 7.1+5
OC, total organic carbon (%); TN, total 
PC, pyrophosphate extractable carbon fraction 
>104Da (mgC Kg-1); PH, t
hydrocarbon; HM, heavy metals (meq 
total β-glucosidase activity (mgPNP
dehydrogenase activity (mgINTF Kg
cultivable microbial population (UFC g
 
Figure 1. Specific extracellular β-glucosidase
(ratio between extracellular β-glucosidase activity 
and PC>104Da) 
 
The stable extracellular β-glucosidase activity, 
expressed as ratio between humic
glucosidase activity at pH 4.5 
focussing and humic carbon focused at
(specific activity, Figure 2), increased during the 
experimental period in both phytoremediation 
treatments (P and PL). All the sediments, treated and 
untreated, and the soil showed a similar 
electrophoretic pattern of humic carbon (Figure 3),
but an increase of the intensity of IEF peaks
was observed in the treated with respect to untreated 
sediments.  
 
Figure2. Specific humic-bound 
activity.  
0
0,2
0,4
0,6
0,8
m
gP
N
P 
gC
-
1
h-
1
Specific extracellular β-glucosidase activity
Sediment
P-Nov07
PL-Nov07
P-Nov10
PL-Nov10
Soil
0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4
m
gP
N
P 
gC
-
1
h-
1
Specific  β-glucosidase activity after IEF pI4.5
Sediment
P-Nov07
PL-Nov07
P-Nov10
PL-Nov10
Soil
was 
 P10 (P-Nov10), 
Nov10) and soil 
 PL10 soil 
 1.35 2.54 
 0.10 0.28 
 1017 2729 
 824 100 
 15.2 47.0 
 20.3 195 
 1.25 2.22 
 1.9+5 8.0+5 
nitrogen (%); 
otal petroleum 
Kg-1); TG, 
 Kg-1 h-1); DH, 
-1
 h-1); TM, total 
-1).  
 
 activity 
-bound β-
after isoelectic 
 the same pH 
 
 at pI 4.5 
 
β-glucosidase 
 
Figure 3. Electrophoretic patterns 
 
Discussion  
 The decrease during the time of 
TPH indicated the effectiveness of the 
phytoremediation system. This efficiency largely 
depends on the presence of grass
which notoriously release root 
stimulating microbial degradation of organic 
pollutants and heavy metal availability for plants 
uptake through chelating reaction. The increase of 
total microbial cultivable populat
activity and total β-glucosidase activity confirmed the
biological activation of sediments.
compounds and humus-associated enzymes
fraction>104Da), were used in order to define the 
sediment capability to accumulate C compounds in a 
stable form. The increase of extracellular 
glucosidase activity in all treated sediment
respect to started sediment, implies 
advantage for soil microorganisms since they do not 
have to synthesize this enzyme
experimental period, also an higher stable organic 
matter incorporation and humic bound 
activity, both determined using the IEF technique, 
were noticed thus suggesting the 
treated sediments into a fertile soil like matrix
capable to counteract environmental impacts
 
Conclusions  
 The phytoremediation system was able to remove 
the organic and inorganic sediment contamination
The treatments, in particular plants and earthworms, 
had microbiologically activated the sediment, through 
the creation of a bio-microsystem in which plants, 
earthworms and microorganisms could interact and 
give the sediment the connotati
active humic substances similar to a natural soil.
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